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Remote Sensing Technology Institute Validation Nadir IR Sounding 1
Impact of Spectroscopy on SCIAMACHY Nadir IR
Master Thesis Denise Schmidt
BIRRA Beer InfraRed Retrieval Algorithm
I(ν) = r Isun e−
∑
m αmτm ⊗S(γ, δ)
fit density factors to intensity
Line-by-line optical depth τ :
HITRAN vs. GEISA ?¿?
⇒ tiny change of residuals, scale
factors α and related errors δα
◦ Work in progress:
— SCIA channel 6: CH4
— GOSAT and/or S5P
CO: one µWindow in channel 8
CH4: two µWindows channel 6
Remote Sensing Technology Institute Validation Nadir IR Sounding 2
Impact of Spectroscopy on SCIAMACHY Nadir IR
Master Thesis Denise Schmidt
BIRRA Beer InfraRed Retrieval Algorithm
I(ν) = r Isun e−
∑
m αmτm ⊗S(γ, δ)
fit density factors to intensity
Line-by-line optical depth τ :
HITRAN vs. GEISA ?¿?
⇒ tiny change of residuals, scale
factors α and related errors δα
◦ Work in progress:
— SCIA channel 6: CH4
— GOSAT and/or S5P
Remote Sensing Technology Institute Validation Nadir IR Sounding 2
Algorithmic Differentiation vs. Finite Difference Jacobians
◦ Analytic derivatives: tedious, error prone!
Finite differences: time and accuracy?
Even large codes: a sequence of
simple math operations
Differentiation: few simple recipes
Differentiation rules can be
performed automatically by a
“precompiler”:
? Automatic differentation generates
exact derivatives efficiently
♥ GARLIC with Tapenade =⇒
Execution time only factor 2 for full
temperature Jacobian (nadir)
(JQSRT accepted)
1000 1010 1020 1030 1040 1050 1060 1070
Wavenumber ν (cm−1)
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
-∂
I
/∂
V
M
R
(z
)
[µ
W
/(
cm
2
sr
cm
−1
)/
p
p
m
]
AD Jacobian O3 mlw
0km
5km
10km
15km
20km
25km
30km
35km
40km
50km
70km
1000 1010 1020 1030 1040 1050 1060 1070
0
10
20
30
40
50
60
70
80
A
lt
it
ud
e
z
[k
m
]
mlw
0.00
0.12
0.24
0.36
0.48
0.60
0.72
-∂
I
/∂
V
M
R
(z
)
[µ
W
/(
cm
2
sr
cm
−1
)/
p
p
m
]
1000 1010 1020 1030 1040 1050 1060 1070
Wavenumber ν (cm−1)
0
10
20
30
40
50
60
70
80
A
lt
it
ud
e
z
[k
m
]
mls
0.00
0.18
0.36
0.54
0.72
0.90
1.08
1.26
-∂
I
/∂
V
M
R
(z
)
[µ
W
/(
cm
2
sr
cm
−1
)/
p
p
m
]
Relative error of finite diff. O3 Jacobians:
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